The work carried out in these laboratories over a period of more than 10 years has emphasized the necessity for devoting more attention to the factor of the animal organism in the study of medical problems. In the fall of 1921, we began a systematic study of the animal organism in relation to disease which included parallel observations on normal rabbits and on rabbits inoculated with Treponema pallidum or with a malignant tumor. The study of normal rabbits was intended, in part, to serve as a control for the other experiments and, in part, to provide material for a comprehensive study of the mass relations of the various organs with especial reference to the subjects of variation, the effects of environmental influences, and the relation of these conditions to phenomena of animal resistance or the occurrence and general course of disease. These investigations are still in progress but they have reached a stage where it is possible to begin a correlation of results in a satisfactory manner.
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This study of the normal animal was not planned primarily with a view to determining normal standards under what might be regarded as the most acceptable conditions but for the purpose of obtaining values applicable to the particular conditions that it was necessary for us to employ in the conduct of other experiments. Nevertheless it is believed that the results obtained are sufficiently accurate for all practical purposes and that they provide reliable information concerning conditions that obtain in normal stock rabbits.
Preliminary reports have been published covering several aspects of this work but no detailed reports have been made (1) . These will appear as opportunity permits. The present paper will be limited to a report on the weights of organs without reference to the relation 6~
The method of conducting the final examination was as follows: Animals received no food on the day they were killed; they were weighed, then anesthetized with ether and bled from the inferior vena cava while the heart was still beating. More recently, killing by air embolism has been substituted for the ether as a quicker and less disturbing procedure. Autopsy was performed immediately. The postmortem examination included two sets of observations: first, the noting of anatomical malformations or defects and of all gross evidences of disease, whether in the form of active or healed lesions, and second, the making of weight determinations on certain organs and tissues. These observations were later supplemented by microscopic examination of tissues from a number of organs, t No animal was excluded from the series on account of postmortem evidence of the presence of disease, but the results of the postmortem examination were used as the basis for classifying animals in a study of the relation of various pathological conditions to organ weight, the results of which will be reported in another paper.
The list of organs weighed has been changed several times since the investigations began so that there is considerable variation in the number of animals for which weights of different organs are available. The complete list of organs weighed is as follows: the heart, liver, kidneys, spleen, the gastrointestinal mass (including stomach, intestine, mesentery, omentum, and gastrointestinal contents), the brain, the testicles, the thymus, the thyroid (with internal parathyroids), external parathyroids (usually two in the neck region), suprarenals, hypophysis, the pineal gland with its stalk and the associated plexus of vessels, the popliteal, posterior axiUary, and the deep cervical lymph nodes of both sides, and the main mesenteric mass of lymph nodes. The number of animals on which weights are available in each case is given in Table I .
The urine in the bladder was measured as a means of making corrections for body weight.
In making the weight determinations the work was so distributed that removal of the organs from the body, the preparation for weighing, and the weighing itself proceeded parallel and uniformly with little or no delay at any stage of the process. All organs were carefully prepared for weighing by trimming and removal of extraneous tissues. The cardiac vessels were cut on a level with the outlines of the auricles; the chambers were opened and all blood removed before weighing. The brain was cut anteriorly at the junction of the frontal and olfactory lobes and posteriorly at the lower margin of the fourth ventricle or on a level with the ventral margin of the foramen magnum so that the weights of the brain include the cerebrum, cerebellum, pons, and medulla but not the olfactory lobes. Weights of the testicle include the globus major but other parts of the epididymis were removed. No effort was made to separate the glandular tissue of the thymus from the fat contained within the capsule so that the weights for this organ represent the weight of the thymic mass rather than of the thymus itself. Weights of the ORGAN W E I G H T S OF NORMAL RABBITS hypophysis represent only the anterior, middle, and posterior lobes, but in the case of the pineal gland the entire stalk together with the associated plexus of vessels is included so that only a small part of the weights recorded represent glandular tissue. In order to avoid drying after removal from the body, the small organs were placed in Petri dishes and kept moist with physiological salt solution. Before weighing, the excess fluid was removed by absorption on filter paper.
The gastrointestinal mass and the liver were weighed on balances sensitive to 0.1 gin.; the heart, kidneys, brain, testicles, and mesenteric lymph nodes were weighed on balances sensitive to 0.01 gin.; while all other organs were weighed on balances sensitive to 0.001 gm.
The data recorded in this paper include the results of a primary analysis of actual weights and of weights per kilo of net body weight; i.e., the gross weight minus the weight of the gastrointestinal mass as defined above and of urine. The distribution curves given in Text-figs. 1 to 3 are based on the use of a group interval of approximately one-tenth of the average weight of the organ or the weight per kilo of body weight. The interval used in a given instance was determined by convenience but in plotting the distribution of actual weights and of weights per kilo of body weight for a given organ a constant ratio of 2:1 was maintained. The curves obtained by plotting the actual results were smoothed by the formula a + 2b + c 4 The smoothed curve is graphed as the broken line in Text-figs. 1 to 3. In some instances the curves are not extended to the upper limits of weight, as given in Table I , but the weights omitted are few and scattered. The limit to which a curve should be extended is indicated by a figure placed at the termination of the curve. Curves not marked in this way are complete.
The figures as given include all data irrespective of whether an organ was normal or pathological. It seemed best to present the material in this form before attempting to make corrections for disease or any other factor that might give rise to variations in weight. These subjects will be dealt with in subsequent papers RESULTS.
T h e results o b t a i n e d from this series of w e i g h t d e t e r m i n a t i o n s a r e p r e s e n t e d in condensed form in T a b l e I a n d Text-figs. 1 to 3. DISCUSSION AND CONCLUSIONS.
I n discussing the e x p e r i m e n t s r e p o r t e d , i t should be p o i n t e d o u t a t once t h a t the results o b t a i n e d in this i n s t a n c e are n e i t h e r s t r i c t l y c o m p a r a b l e w i t h those given in o t h e r r e p o r t s d e a l i n g w i t h
o r g a n weights of n o r m a l r a b b i t s nor do t h e y r e p r e s e n t results t h a t might be expected from the examination of a group of animals where an effort is made to maintain uniformity of material and experimental conditions. One of the purposes of this investigation was to define the possible as well as the probable limits of variation in the weight of certain organs of rabbits comparable in all respects to those used in the conduct of other experiments. This has necessitated the use of animals of various ages and breeds and the extension of the observations over a long period of time. Finally, in analyzing the results, the problem has been approached first from the standpoint of the individual animal rather than the several groups which compose the series. All of these conditions tend to emphasize the element of variation which, at present, is the aspect of the subject in which we are most interested.
With these facts in mind, the first point to be considered is the reliability of the data as an index of existing conditions. There are only a few instances in which this question need be discussed. The weights that are open to question are those of the thymus, the parathyroids, the pineal gland, and the superficial and mesenteric lymph nodes. It is obvious that the weights of these organs cannot be determined with the same degree of accuracy as the weights of the other organs.
The chief source of error in nearly all instances is in the presence of variable amounts of fat or areolar tissue which cannot be removed satisfactorily in the preparation of the organs for weighing. This applies especially to the thymus and the lymph nodes, but a similar condition exists in the case of the pineal gland. The parathyroids present difficulties of another kind. Only the external parathyroids are available for weight determinations. As a rule, there are two of these but occasionally only one can be found, or there may be three--rarely four. There are other masses of parathyroid tissue in the thyroid and the thymus and not infrequently the external parathyroids themselves contain small masses of thymic tissue. At all events, there is no way of determining whether the external parathyroids represent a relatively constant part of the parathyroid tissue and a sufficiently large part to serve as an index of the amount of such tissue present except by making a large series of weight determinations.
D~
At the beginning of our investigations, it was feared that the error attributable to the conditions mentioned above would be so large that it would completely overshadow any variations in the weights of glandular tissue and thus invalidate the results of weight determinations on this group of organs. Experience has shown, however, that this is not entirely true. This conclusion is indicated by a comparison of the results obtained for these organs with the results obtained for organs of a similar nature on which accurate weight determinations can be made. By reference to Table I , it will be seen that the values given for the parathyroid and the pineal gland are of the same general order as those given for the thyroid or the suprarenals and that the values for the thymus and lymph nodes are comparable to those for the spleen and the deep cervical lymph nodes. The dependence that may be placed upon weights of the thymus, the parathyroids, the pineal gland, and lymph nodes will become more apparent when we consider these organs from the standpoint of the various groups of animals composing the series. Meantime, it may be said that, while we regard the weights of these organs as possessing some significance, we recognize the existence of an unavoidable error, the usual effect of which is to increase weights and to minimize variations in the actual mass of glandular tissue. This error is most disturbing in the case of the pineal gland and the parathyroids due to their very small size.
As regards the significance of th,e results in general, it is of interest to note that, in cases where comparisons can be made, values obtained for the rabbit appear to be of essentially the same order as those given for man. With the coefficient of variation as a basis for comparison, the values given by Pearl (2) for man and those obtained by us for the rabbit are as follows: In most instances the agreement between the two sets of figures is surprisingly close, while in no case is there a serious disagreement.
Referring briefly to some of the more important features of the results, the first thing to which attention should be directed is the variation in organ weights. An examination of the data contained in Table I and the distribution curves will show that the weights of nearly all organs are subject to wide and frequent variations whether we consider the actual weight or the weight per unit of body weight. The notable exceptions to this rule are to be found in the case of the brain, the heart, the kidneys, and the hypophysis, which show coeffidents of variation less than or of the same general order of magnitude as those for the gross body weight, the net body weight, or the gastrointestinal mass. At the other extreme are found such organs as the thyroid, the deep cervical lymph nodes, the spleen, the suprarenals, and the parathyroids with coefficients of from two to four times the coefficients for body weight. This form of_arrangement does not disturb the general order of variability but merely the relative position of different organs. That is, the same organs occupy the first five positions in both columns but their relative positions change. This situation obtains until we reach the three lowest positions; here the order is the same in both cases.
Essentially the same result is obtained if we employ any other method of comparison. It is possible to say, therefore, that among the organs studied the brain, the heart, the kidneys, the hypophysis, and the liver give the most cons£ant values, while the weights of such organs as the thyroid and the spleen and the organs occupying a position between these two groups give values that are subject to much wider variation.
The comparison of coefficients of variation for actual and relative weights brings out another important point in mass relationships; namely, the degree of correlation that exists between the weight of an organ and body weight. As yet, the correlation coefficients have not been calculated as the material on which this study is based did not seem to be sufficient to warrant the use of such an exact method, but a comparison of the figures given in Table I and of distribution curves would indicate that the degree to which the weight of an organ is dependent upon body weight is itself a matter of considerable variation.
In the majority of cases, it would appear that the weights of organs are closely related to body weight, but there are a few instances in which the weight of the organ seems to be independent of body weight within certain limits. The most striking example of this is found in the case of the brain which shows a coefficient of variation for actual weight which is much smaller than that for the relative weight. There are other organs that may fall into the same class of relative independence such as the hypophysis and the kidneys. There are still other organs that show comparatively little difference between the constancy of the values obtained on the basis of actual and relative weights, but where the differences are so small and the coefficients large it is obvious that a larger amount of material will be required to determine the exact relationships. Meantime, it is worthy of note that organs occupying an intracranial position (the brain and the hypophysis) show an apparent tendency to conforlfl to certain limits of weight independent of body weight. We do not mean to imply that the weights of these organs are fixed. On the contrary, it will be shown in a subsequent paper that, under certain circumstances, they vary as do the weights of other organs.
Another feature of the results to which reference may be made i~ the frequency with which organs of a given weight may be encountered and the probable direction of variation from the mean, mode, or median, as the case may be. These points are brought out in the distribution curves (Text-figs. 1 to 3) which have been grouped with a view to indicating the conditions that obtain in different classes of organs or tissues such as the parenchymatous organs, the organs of internal secretion, and the lymphoid tissues, the curves for which are given in the order mentioned.
It will be seen that a number of the distribution curves are of the same general form as those for body weight. The curves for the heart, the liver, the kidneys, the brain, the hypophysis, the pineal gland, and the gastrointestinal mass are almost symmetrical; they show a relatively narrow range of weight distribution with a rapid rate of increase and decrease in the percentage of organs whose weight is close to the mean or mode and little or no tendency to the prolongation of the curves at either extreme. The curve for the testicles is also fairly symmetrical but shows a wider range of variation.
The distribution frequencies of other organs are much more irregular. The thyroid, the suprarenals, and some of the lymph nodes show a tendency to follow the same general form of weight distribution as the organs mentioned above but the range of weight is greater, the curves are irregular, and decidedly skewed, due chiefly to the occurrence of varying numbers of organs whose weights lie well above the mean. These conditions not only' extend the zone of high frequency distribution but increase the probable error in estimations of the frequency of occurrence of organs of a given weight.
A third type of distribution is illustrated by such organs as the spleen and thymus. The feature of special interest in these curves is the presence of a wide zone of high frequency distribution within which there is comparatively little difference in the frequency with which organs of given weights may occur. Some of these curves are almost symmetrical while others are decidedly skewed.
The relative positions of the mean, the mode, and the median conform, in general, to theoretical expectations in nearly all cases. The only instance in which the mean and the median occupy a lower position than the mode is in the curve for the weight of the popliteal lymph nodes per kilo of body weight. This is probably an apparent rather than a real displacement which would not occur in the case of a fitted curve.
It seems unwise to carry the statistical analysis of the material further at the present time. The values as here given are affected by a number of variables whose influence must be considered before an attempt may be made to establish more exact values or to apply the results to ally specific problem, except for purposes of orientation.
In the next paper, we will consider effects of pathological conditions of spontaneous origin which were not apparent clinically but were demonstrable by postmortem examination.
SUMMARY.
In November, 1921, a systematic study of normal rabbits was undertaken as a part of a more general investigation dealing with the subject of the animal organism in relation to disease. The present paper on organ weights is based on results obtained from a study of 350 male rabbits killed and examined between January 1, 1922, and July 1, 1924. Methods of conducting the experiments are described and the results are summarized in the form of a table and a series of text-figures.
The organs studied were the heart, liver, kidneys, spleen, thymus, testicles, brain, thyroid, parathyroids, suprarenals, hypophysis, pineal gland, and representative groups of lymph nodes.
The results recorded include maximum, minimum, and average weights, the median, the mode, the standard deviation, the probable error, the coefficient of variation, and the percentage distribution of organs of different weights.
No final conclusions are drawn but it is pointed out that the results obtained are comparable to those that have been reported from similar studies of organ weight in man. Attention is also directed to the tendency to the occurrence of wide variations in the weights of nearly all organs, and to an apparent difference in the degree of correlation that exists between organ weight and body weight in the case of certain organs. In this connection it is pointed out that within certain limits the weight of the brain, in particular, and of other organs to a lesser degree appears to be independent of body weight.
The results recorded in this paper are regarded as representing approximate values which are affected by numerous conditions for which correction should be made. These conditions will be considered in subsequent papers.
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